This paper is focused on the behavior of current waveform when the single line to ground fault occurs on the pilumped equivalent circuit experimental test bench of distribution system. The experimental test bench can be divided into the distribution system either overhead line or underground cable. The parameter of experimental test bench is calculated based on per-unit method by using the data from the 115 kV distribution system in Thailand. The various case studies are performed by changing the type of distribution system, the location of fault, the inception angle of fault including varying the load. The obtained results show that, during the fault occurrence, the current waveform has a sudden change and increases more than 10 times in comparison with normal condition. Finally, the results from the experimental test bench will be beneficial in the behavioral study of the fault current in case of both overhead line and underground cable and will be development of the short-circuit protection system in the distribution system.
INTRODUCTION
Presently, distribution system is one of important parts in power system, which sends electrical energy from utility to end user. Generally, the distribution system can be divided into several voltage levels, but has still used the conductor either overhead line or underground cable. When disturbance (or fault) occurs in distribution system, a serious problem can be caused for the end user such as black out or damage to sensitive equipment, so this distribution system must have reliability and stability. The failure occurring in distribution system and affecting to the end user system must be detected and rejected from the system. Nowadays, the characteristics of power system have been studied using simulation program [1] [2] [3] [4] [5] [6] or mathematical model [7] [8] . By considering the literature review about simulation program, this research studies the fault location in transmission line of 3-phase multi-generator system in conjunction with an adaptive neuro-fuzzy inference system (ANFIS) and artificial neural network (ANN) [1] . In [2] , the incipient fault was detected in underground cable and compared detection's result with the superimposed components-based scheme [2] . The PSS/E program was used for analyzing power transfer capability and dynamic stability of the power system when subjected to small disturbances [3] . In [4] , the disturbance analysis from simulation model is simulated by both wavelet analysis and PSS/E program. In addition, the simulation program such as PSS/E, EMTP-ATP and PSCAD/EMTDC are used to study the power system with mathematical model. In [5] , by simulation using EMTP-ATP model, the saturation of transformer can cause the fault in transmission line. In [6] , by simulation using PSCAD/EMTDC program, this research proposed techniques to distinguish the transient origine among the faults, the normal switching, and the capacitor bank switching [6] . By considering the literature review about mathematical model, fuzzy and neural network are interesting to study the path characteristic frequency-based fault for locating single line to ground fault in radial distribution systems. The neural networks with genetic algorithm (GAs) and fuzzy theory were studied to verify voltage sag, which caused fault in the system [8] . As a result, these research papers show advantage as convenient and efficient program for simulating complex system to analyse result. However, the simulation program and mathematic model cannot show some of desired functions as noise or other disturbances, which are created by nature.
In this paper, the characteristics of the fault current waveforms were studied and analysed from the experimental test bench of distribution system. The overhead line and underground cable with pi-lumped equivalent circuit can be simulated using this experimental test bench. The fault current in case of single line to ground fault was investigated to study and understand the characteristics of fault when fault occurs either in overhead line or underground cable distribution system. In addition, the various case studies are performed by changing the type of distribution system, the location of fault, the inception angle of fault including varying the load.
EXPERIMENTAL TEST BENCH
The Thailand's 115 kV distribution system (Bangsaotong-muangmai substation) is considered as distribution model as shown in Figure 1 . By considering the Figure 1 (a), this experimental test bench can be adjusted the distribution model as either overhead line or underground cable. For design of this experimental test bench as shown in Figure 1(b) , the pi-lumped equivalent circuit is used to a distribution system model which consists of series inductor and shunt capacitor while the resistance of conductor is ignored. The parameter of experimental test bench employing the data from the 115 kV distribution system in Thailand is calculated using geographic information system data, the lengths of the distribution system, the size of conductor, and span of pole or pipe, and then normalized based on per-unit method in order to transform parameter from voltage level of 115 kV to laboratory voltage level of 220 V. By considering the Figure 1 (b) and Figure 2 , this pilumped equivalent circuit is divided into 2 parts in order to install the zero cross circuit and the magnetic contactor. By considering the Figure 2 , the variable voltage transformer was used as power supply for the experimental test bench. For protecting the experimental test bench, the circuit breaker with 30A and fuses were used to protect the variable voltage transformer. For controlling the short-circuit (or fault) of experimental test bench, the zero crossing circuit was used to determine the inception angle of fault including sending signal to magnetic contactor for implementing the short-circuit. For measurement, the energy meter (Fluke 435-II) was used in order to measure the amplitude of current including capture the current waveform using current probe.
To study the characteristics of fault current when the single-line to ground fault occurs on the experimental test bench, the various case studies were performed with following changes of the parameters: -Types of distribution system are overhead line and underground cable.
Inception angles on a phase A current waveform are varied as 90°, and 180°.
Sizes of load are varied as linear load (25 W, 50 W), and non-linear load (combined between 25W and ballast).
Locations of fault on each distribution system are the distance of 40%, 50%, and 60%, measured from the variable voltage transformer.
RESULT AND DISCUSSION
The fault current of each case study obtained from the experimental test bench was shown in this section. The remainder of this section is organized as follows: Section 3.1 presents the obtained current waveform in case of overhead line distribution system while in case of underground cable is shown in Section 3.2.
Overhead line distribution system
In this section, the case studies of experimental test bench were performed to study the characteristics of fault current during the single-line to ground fault occurrence when the fault inception angle, size of load, and fault location were changed.
By changing the inception angle of fault as shown in Table 1 and Figure 3 , when fault occurs at the length of 40% measured from the variable voltage transformer for the load of 25 W, it can be seen that, before the fault occurrence (or pre-fault condition), the maximum amplitude of current is 0.145 A. During the fault occurrence (or post-fault condition) in case of the inception angle as 90°, the maximum amplitude of current changes suddenly on the waveform and the maximum amplitude of current is 2.625 A. For the other inception angle of fault as shown in Figure  3 (b), it can be seen that the maximum amplitude of current during fault occurrence has a value more than in case of the inception angle as 90° while, during the pre-fault condition, the maximum amplitude of current was the same value as in case of the inception angle as 90° as shown in Table 1 . By changing only size of load and not for the length of 40% measured from the variable voltage transformer as shown in Table 2 and Figure 3 , it can be seen that the obtained current is significantly increased both pre-and postfault condition with the increase of the size of load. This indicates that the fault detection decision algorithm will be beneficial. In addition, the maximum current during the prefault condition becomes higher with the increasing the size of load. By considering the data in Table 2 , it can be seen that the fault current in case of size of load as non-linear load (combination between 25W and ballast) is higher than the case of linear load. Moreover, the fault current is not affected with the increase of the size of load, but it was increased due to the voltage of variable voltage transformer adjusted to keep constant voltage of load as 220 V. If the voltage of load was not adjusted at 220 V, the size of load was minimally impacted. By changing the location of fault and not for the inception angle set as 180° and size of load is 25 W as shown in Table 3 and Figure 5 , it can be seen that, during the postfault condition, the fault current tends to decrease with the increase of the distance between the fault point and variable voltage transformer due to the impedance of distribution line model tends to increase. To support this assertion, the location of fault as 40% of length distribution line has the same behavior as the case of the length of distribution line as 50% but the amplitude of fault current was higher than that the case of the length of distribution line as 50%. 
Underground distribution system
After analyzing the characteristics of fault current during the single-line to ground fault occurrence on the overhead line distribution system, in this section, the results in case of characteristics of fault current on underground cable distribution system were shown in Figures 6-8 and Tables 4-6 .
By changing the inception angle of fault as shown in Table 4 and Figure 6 , when fault occurs at the length of 40% measured from the variable voltage transformer while the load is 25 W, it can be seen that, before the fault occurrence (or normal condition), the maximum amplitude of current is 0.153 A. During the fault occurrence (or fault condition) in case of the inception angle as 90°, the maximum amplitude of current changes suddenly on the waveform while the maximum amplitude of current is 3.078 A. For the other inception angle of fault as shown in Figure 6(b) , it can be seen that the maximum amplitude of current during fault occurrence has a value more than the case of the inception angle as 90° while, during the normal condition, the maximum amplitude of current has the same value as the case of the inception angle of 90° as shown in Table 4 . As a result, this is the same behavior as the case of overhead line, but the amplitude of the fault current is more than the previous case. Table 4 . The maximum amplitude of current during pre-and post-fault condition for various inception angles of fault in underground cable distribution system. By changing only size of load and not for the length of 40% measured from the variable voltage transformer as shown in Table 5 and Figure 7 , it can be seen that the obtained current is also significantly increased both pre-and post-fault condition with the increase of the size of load. By carefully considering the data in Table 2 , it can be seen that the fault current in case of non-linear load (combination between 25W and ballast) is also higher than the case of linear load, but less than the case of overhead line, as previously mentioned. By changing the location of fault and not for the inception angle of 180° and size of load is 25 W as shown in Table 6 and Figure 8 , it can be seen that, during the postfault condition, the fault current tends to decrease with the increase of the distance between the fault point and variable voltage transformer; this has also the same behavior as in the case of overhead line, but the amplitude of the fault current is more than the other case. 
CONCLUSION
This paper has focused on the characteristics of the single-line to ground fault current obtained from the experimental test bench. This experimental test bench calculated the parameter based on per-unit method by using the data from size of conductor, types of conductor, and configuration of distribution system so that the pi-lumped equivalent circuit can be achieved. The various case studies were performed with the type of distribution system, the location of fault, the inception angle of fault including varying the load. The result is summarized as follows:
-For the type of distribution system, the fault current during post-fault condition in case of overhead line is less than the case of underground cable. -For the location of fault, the fault current during postfault condition tends to significantly decrease with the increase of fault distance between the fault point and variable voltage transformer. -For the inception angle of fault, the fault current during post-fault condition in case of the inception angle of fault as 180° has the amplitude of fault current more than the case of the inception angle of fault as 90°. -For the size of load, the fault current during postfault condition is not affected with the increase of the size of load. Finally, the obtained results will be developed for the protective relay scheme. Further work will consider the AI algorithm to create the fault detection decision algorithm.
